Background: The present study aimed at evaluating the effect of gliclazide on cardiovascular risk factors involved in type 2 diabetes mellitus using n-STZ rat model on a long term basis. Methods: The diabetic model was developed using a split dose of streptozotocin (50 mg/kg) intraperitoneally on 2 nd and 3 rd postnatal days. The diabetic rats were treated orally with gliclazide suspension at the dose of 10 mg/kg for 90 days. Cardiovascular risk factors such as systolic blood pressure, heart rate, lipid profile, creatine kinase and lactate dehydrogenase were evaluated at regular intervals along with fasting blood glucose (FBG) and oral glucose tolerance test. Results: Gliclazide did not alter FBG however improved the impaired glucose tolerance. The gliclazide treated rats did not develop hypertension and there was a significant difference (p<0.001) at the end of treatment when compared to the diabetic group which could be due to free radical scavenging property of gliclazide. Gliclazide treatment in n-STZ model was found to be effective in preventing hypertension, creatine kinase and lactate dehydrogenase activity. Also gliclazide was found to have beneficial effects on the impaired glucose tolerance, dyslipidaemia, adiposity index and total fat pad weight. Conclusions: To improve and prevent the cardiovascular risk factors involved in Type II diabetic patients, gliclazide could be clinically beneficial.
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a complex, heterogeneous, polygenic disease characterized mainly by insulin resistance and pancreatic β-cell dysfunction. 1 Appropriate experimental models are essential for understanding the underlying mechanisms of diabetes and its complications. Investigations have unsuccessfully tried to recreate in experimental animals the cardiovascular complications of diabetes seen in humans. Sulfonylureas have remained the mainstay of antidiabetic therapy for almost three decades. 1 However the benefits of sulfonylureas beyond glycemic control has to be investigated. Gliclazide a second-generation sulfonylurea was preferred in the present study due to its vascular benefits beyond glycemic control. 2 Gliclazide possesses free radical scavenging property due to presence of aminoazabicyclo-octane ring, which is absent in other sulfonylureas. 2 In T2DM patients elicited a greater suppression of hepatic glucose production. 3 Gliclazide, but not glibenclamide, glimepiride, glipizide or tolbutamide, inhibited low density lipoprotein oxidation and enhanced total plasma antioxidant capacity. Thus, gliclazide possesses antioxidant properties that produce measurable clinical effects at therapeutic doses. 4 Gliclazide reduces DNA damage and improves DNA repair in diabetic patients, thus it may protect against the oxidative stressrelated chronic diabetes complications, including cancer, by decreasing the level of DNA damage induced by reactive oxygen species. 5 Gliclazide reduces oxidative stress 6 in enhanced nitric oxide (NO)-mediated vasodilatation. Also decrease in blood pressure was shown after gliclazide treatment which was mediated through NO-mediated vasodilatation. 7 Improving the oxidative status of patients by using gliclazide for its hemovascular properties independent of its hypoglycemic action has led to improvements in oxidative stress, hypercoagulability, endothelial function and platelet reactivity which have not been demonstrated by other sulphonylureas. In T2DM, where hyperglycemia and oxidation are fundamental to the ultimate thrombotic complications of diabetes, agents such as gliclazide with antioxidant activities may have an enhanced therapeutic role. 2 Among the T2DM rodent models used n-STZ model (neonatal streptozotocin) was found to be more appropriate which resembles human T2DM more than other models available. 8 Hence in this study, the long term effect of gliclazide on cardiovascular complications involved in T2DM was studied using n-STZ rat model.
METHODS
Streptozotocin (STZ) was purchased from Sigma Aldrich, Germany. Biochemical kits were procured from Swemed Diagnostics, Bangalore India. Gliclazide (Torrent Pharmaceuticals, India) suspension was prepared using 2% Tween 80 ® in water. All the reagents and chemicals used in this study were of analytical grade.
Male Wistar neonatal rats were procured from the in house animal facility. The animals were housed in standard polypropylene cages (three rats/cage) and maintained under controlled room temperature (22±2 ºC) and humidity (55±5%) with 12:12 h light and dark cycle. All the rats were provided with commercially available rat normal pellet diet (Amrut Diet, New Delhi) and water 
Experimental design
STZ was administered to neonatal rats (n = 24) on the 2 nd and 3 rd postnatal day in the dose of 50 mg/kg/day intraperitoneally 9 , and vehicle (citrate buffer) was administered to control group (n = 9). After 28 days, the rats pups were weaned and fasting blood glucose (FBG) and oral glucose tolerance test (OGTT), in response to 2 g/kg oral glucose using 50% (w/v) glucose solution, were carried out at 8 and 12 weeks. The animals having FBG ≥ 100 mg/dl along with impaired glucose tolerance at 12 weeks were considered to be diabetic and included in the study. Twelve weeks post n-STZ administration; the diabetic rats were divided into two groups. A group of rats (n = 12) was administered 2% Tween 80 ® in water (diabetic control) while the other group of rats (n = 12) was treated orally with gliclazide (10 mg/kg) suspension using 2% Tween 80 ® in water solution, for about 90 days. The first day of gliclazide treatment was considered as day 0 of the study.
The biochemical parameters were estimated using standard kits. The blood pressure (BP) and heart rate (HR) was determined using tail cuff method by averaging 5-8 individual readings (Power lab data acquisition system, Australia). The body weight of the animals was recorded throughout the study period.
Collection of blood and biochemical analysis
Blood samples were collected from retro-orbital plexus of the rats under light ether anesthesia using capillary tubes into eppendorf tubes and were left aside to clot. The blood sample was centrifuged (5min, 8000 rpm) and the serum was analyzed for glucose (GOD-POD), triglycerides (GPO-POD) total cholesterol and HDL cholesterol (CHOD-POD) levels by using commercially available colorimetric diagnostic kits using Artos semiauto analyzer (Swemed diagnostics, Bangalore, India). For OGTT estimation, blood samples were collected at 0, 15, 30, 60, 90 and 120 minutes.
Estimation of enzyme activity

Creatine
Kinase-MB (CK-MB) and Lactate dehydrogenase (LDH) estimations were carried out by diluting the serum samples using potassium phosphate buffer pH 7.4 (100 mmol/L) using commercially available kits (Swemed diagnostics, Bangalore India).
Blood pressure and Heart rate
The rats were taken to the experimental room 4 hours before systolic blood pressure (SBP) recording. The rats were kept in a restrainer; tail cuff along with pulse detector connected to a data acquisition system (Power lab, Australia) was placed at the base of the tail. After confinement in a holder for 10-15 minutes at room temperature, tail pulsations were large enough for accurate estimation of SBP. Each recording was obtained by averaging 5-8 individual readings. The heart rate (HR) was calculated simultaneously.
Adiposity index
The body weight of the animals was recorded every week throughout the study period. The total weight gain in the study period was calculated using the difference between the final body weight and the initial body weight observed.
At the end of the study, perirenal, mesenteric, epididymal and pericardial fat pads were isolated from all the rats. The fat pads were weighed immediately to obtain wet FPW and are expressed in g per 100 g of body weight. The sum of all FPW was taken as total fat pad weight (TFPW). TFPW value represents the overall adipose mass present in the rats.
The adiposity index (ADI) was calculated using the following formula 7 :
Statistical analysis
The results are expressed as mean ± S.E.M. One-way ANOVA followed by multiple comparison test (TukeyKramer multiple comparison tests) was applied between groups. A value of p<0.05 was considered statistically significant.
RESULTS
The treatment with gliclazide was initiated at 12 th week after n-STZ administration, when the FBG levels were elevated slightly and glucose tolerance was impaired. The impaired glucose tolerance (IGT) was found to have improved during OGTT indicated by area under the curve for glucose (AUCg) when compared to the diabetic group following glicalzide treatment for 90 days; however it did not decrease FBG (Table 1) .
Total cholesterol (TC) and atherosclerotic index (AI) levels significantly rose in the diabetic group only in the later part of the study when compared with the control group. Gliclazide lowered the AI significantly (p<0.01) after 90 days of treatment (Table 1) . While triglycerides (TG) increased significantly in diabetic group on Days 0, 30 and 90; glicalzide seems to have no effect on TG. Values are Mean ± SEM; n = 9 for control group and n = 12 for diabetic and gliclazide group The abbreviations denote CK-MB: Creatine kinase; LDH: lactate dehydrogenase. Diabetic group Vs Control group shown as a (p< 0.05), b (p< 0.01), c (p < 0.001). Gliclazide treated group Vs Diabetic group shown as * (p< 0.05), ** (p< 0.01), *** (p < 0.001). Values are expressed as Mean ± SEM; n = 9 for control group and n = 12 for diabetic and gliclazide group Diabetic group Vs Control group shown as a (p< 0.05), c (p < 0.001).
Gliclazide treated group Vs Diabetic group shown as *** (p < 0.001).
The SBP increased significantly during the study in the diabetic group when compared to the control group. The gliclazide treatment attenuated the raise in SBP significantly when compared to the diabetic group (Figure 1 ). There was no significant change observed in the heart rate among the groups (Control, diabetic and gliclazide).
There was a significant rise in creatinine kinase (CK-MB) and lactate dehydrogenase (LDH) levels throughout the period in diabetic group and these levels were found to be decreased following gliclazide treatment (Table 2) .
Organ weights, recorded at the end of treatment period, show that liver weight was increased in gliclazide treated rats compared to the diabetic group (Table 3) . During the study period gliclazide treated rats show a significant increase (p<0.01) in the body weight in comparison to the diabetic group.
The improvement in IGT after gliclazide treatment can be correlated with the increase in total fat pad weight (TFPW) and adiposity index (ADI) ( Table 4) .
DISCUSSION
The observations in our study support the earlier reports that the gliclazide treatment did not significantly modify the plasma glucose levels in n0-STZ model where insulin was found to be deficient. 10 Interestingly, elevated glucose levels were brought back to normal in n5-STZ model where insulin resistance was observed. 10 Glycogen synthesis in muscle accounts for the major part of non-oxidative glucose metabolism during insulin stimulation. Gliclazide treatment in T2DM patients was found to be associated with a potentiation of both insulinmediated glucose disposal and insulin-stimulated glycogen synthase activity in skeletal muscle. 11 Thus, the improvement in the IGT observed in the present study may be due to extrapancreatic effect of gliclazide as reported earlier.
11,12
The improved IGT after chronic treatment in the present study was in line with reported effects of gliclazide in GK rats 13 , where increase in beta cell insulin stores and increase in glucose induced insulin release was demonstrated in vivo which fit with the clinical data concluding that chronic gliclazide therapy augments the stimulated first phase insulin secretion in patients with T2DM by increasing islet sensitivity to glucose. 14 However, the chronic treatment in the present study did not reduce the elevated FBG level in split dose n-STZ model.
Use of 100 mg/kg of STZ in split dose in the present study was still a higher dose when compared to the earlier study 15 reporting effectiveness of gliclazide in mild T2DM neonatal rat model using 60 mg/kg on 3 rd postnatal day in a single shot administration. Since the dose of gliclazide used in many studies 10, 11, 15, 16 and in the present study was 10 mg/kg, the ineffectiveness of gliclazide may be due the reason that the dose of n-STZ used in this study may still be higher for checking effectiveness of sulfonylureas. Gliclazide was expected to reduce the elevated FBG levels in n-STZ model as glibenclamide was found to be effective in earlier study 17 in the same model. Thus, the effectiveness of the sulfonylureas in the n-STZ model in bringing back elevated FBG level still remains unclear.
The reason for hypertension in n-STZ model can be one among the following factors such as hyperglycemia, dyslipidaemia and oxidative stress (free radical generation).
Hyperglycemia and dyslipidaemia may not be the strong factors responsible for elevation of hypertension in this n-STZ model, because the gliclazide treatment did not bring about any change in elevated FBG levels or the lipid dismetabolism, thus the hypertension observed in this model can be irrespective of hyperglycemia and dyslipidaemia. However, the IGT and elevated AI may be the reason, but gliclazide treatment brought some significant change only in the later stages of the treatment period.
The oxidative stress, involving imbalance between free radical generation and radical scavenging effect, causes quenching of nitric oxide by free radicals and preventing its vasodilator effect promoting endothelial dysfunction was reported earlier. 2, 18, 19 Gliclazide is a general free radical scavenger, was demonstrated in vitro, and this quality of drug may be important in diabetes as reported earlier. 20 An in vivo and in vitro antioxidant property of gliclazide was demonstrated with increase in antioxidant parameters such as total plasma antioxidant capacity, superoxide dismutase and thiols, and by fall in 8-isoprostanes, a marker of lipid oxidation. 13 The prevention of hypertension in gliclazide treated rats in the present study could be due to free radical scavenging property of gliclazide. The earlier studies in rats also demonstrated beneficial effects of gliclazide in endothelial dysfunction suggesting that the action must be independent of any modification of insulin secretion. 21 Clinically gliclazide was found to reduce blood pressure (both systolic and diastolic) in diabetic patients where hypertension was induced using L-arginine and in the same study glibenclamide treatment did not bring about any reduction in blood pressure, thus suggesting that gliclazide increase the bioavailability of nitric oxide. 22 Diabetic patients were more prone to hypertension than non-diabetics. Thus, the gliclazide treatment can prevent development of hypertension which is related to diabetic complications such as oxidative stress, endothelial dysfunction and other vascular changes in diabetic patients. Since HR did not vary much between control and diabetic group in the present study and the effect of Gliclazide on HR was not seen in the n-STZ administered diabetic model. In the present study the SBP in the gliclazide treated group was less than that of control group during the treatment period; however there was no significant difference when compared to the control group.
CK-MB is one of the isoforms of creatine kinase and its concentration is very high in myocardium. 23 Hence increase in CK-MB and LDH levels represent damage to heart. Thus decrease in CK-MB and LDH activity by gliclazide shows that it prevents myocardial damage. However, reports of increased LDH and CK-MB activity n-STZ model was hardly seen in literature and the beneficial effect of gliclazide seen in the animal studies could be useful clinically in case of diabetic patients prone to heart diseases such as myocardial infarction.
As insulin resistance has been related to loss of adipose mass in n-STZ rat model 24 , the increase in the adipose mass after gliclazide treatment would have increased the surface area for glucose uptake thus improving IGT at later stage of treatment period.
Gliclazide treatment in n-STZ model was found to be effective in preventing hypertension, creatine kinase and lactate dehydrogenase activity. Also gliclazide was found to have beneficial effects on the impaired glucose tolerance, dyslipidaemia, adiposity index and total fat pad weight. To improve and prevent the cardiovascular risk factors involved in Type II diabetic patients, gliclazide could be clinically beneficial.
